Introduction
The role of endoscopic endonasal approach (EEA) in anterior skull base meningioma surgery has been widely debated in current literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] Most of these tumors are located intradurally; therefore, their removal through a ventral route requires an osteodural opening with the risk of postoperative cerebrospinal fluid (CSF) leak. [1] [2] [3] [4] [5] [6] [7] [8] [9] This could suggest that such approach might seem "unnatural" because it does not follow natural surgical corridors and increases the risk of complications; however, many papers have considered that it could give many advantages both for surgeons and for patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Indeed, it adopts a completely extracranial route, which avoids any brain retraction, nerves or arteries crossing and manipulation, it allows an early devascularization, and it gives the possibility to remove the tumor, adopting the arachnoid as cleavage plane, and therefore, reducing the risk of damage by perforating vessels and optochiasmatic feeders.
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In literature, many authors have reported their surgical experiences with anterior skull base meningiomas operated on through the EEA, demonstrating its feasibility and safety in selected cases. 7, 8, [14] [15] [16] [17] [18] Few meta-analyses or review articles have compared this approach to the transcranial ones. 1, 5, 6 However, their conclusions are often impaired by multiple biases, due to the more limited extension of the endoscopic series, the shorter follow-up and the different case selection. 1, 5, 6 Moreover, anterior skull base meningiomas are a heterogenous group, including different locations, histotypes and symptoms.
In this paper, we analyze our surgical experience with anterior skull base meningiomas operated on through the EEA, with the aim to critically revise our surgical indications to consider for which cases it could be advantageous, improving the clinical and surgical outcome.
Materials and Methods
Each consecutive case of anterior skull base meningioma operated on at our institution (Center of Pituitary and Endoscopic Skull Base Surgery, IRCCS Institute of Neurological Sciences of Bologna, Bologna, Italy) through an EEA (pure or combined with transcranial approach) from July 2003 to December 2017 has been retrospectively included in the series. All patients underwent preoperative MRI (magnetic resonance imaging). This examination was reviewed to assess the location of the tumor on the basis of the implant of the meningioma. Four options were considered: frontal sinus, olfactory groove, planum, and tuberculum sellae. Moreover, the possible extracranial extension of the tumor in the paranasal sinuses was considered on a preoperative CT (computed tomography)scan and MRI (►Figs. 1-3). Medical history of the patient was considered, focusing on previous surgeries or other treatment for these meningiomas.
Each case had a physical examination performed before surgery, and an ophthalmologic examination with visual field assessment, in case of compression of the optic nerves or chiasm, or whether the patient had reported visual disturbances. Our surgical technique has been already reported. 16 Briefly, different corridors were chosen, depending on the location of the tumor (i.e., transcribriform for olfactory groove meningioma, transplanum/transtuberculum for tuberculum sellae meningioma). Closure technique consisted in a multilayer technique with fascia lata or a heterologous substitute (Biodesign, Cook Medical LLC, Blomington, IN. U.S.A.) placed intracranially/intradurally, followed by a second layer of same material placed intracranially/extradurally, finally covered by free graft or pedicled flap of mucoperiostium. Nasal cavities are then packed with gelfoam and Merocel (Merocel Corporation, Mystic, CT. U.S.A.), which is kept for 75 hours after surgery. External lumbar drainage was not routinely adopted for risk of massive pneumocephalus after extended approaches. The adopted surgical approach for each case and its morbidity were considered, based on the medical records.
Follow-up consisted of a postoperative MRI before discharge that was repeated after 3 months and then annually. The tumor removal was assessed as radical if no remnants were visible on the 3-month MRI subtotal, if remnants were inferior than 20% of the initial mass, or partial if larger than , showing a recurrent intra/ extracranial olfactory groove meningioma. The patient was operated on through a transcranial approach few years ago and presented at followup with this recurrence, invading the ethmoid. The intracranial portion of the tumor showed a lateral extension, beyond the limit of the internal carotid artery (ICA), which also was encased (white arrow). (c and d) Postoperative MRI. Considering the intramural extension of the tumor, a combined transcranial and endoscopic approach was preferred. The latter allowed the radical resection of the extracranial portion of the tumor, while the former was adopted to remove its intracranial component. 
Results
Fifty-seven patients were included in the series. Mean age was of 58 years (standard deviation [SD]: 12.5), males were 15 (26%) and females 42 (74%). Thirteen cases (23%) have been previously undergone a transcranial approach and 2 had also performed postoperative radiotherapy (3.5%). The most common location was the tuberculum sellae (35 cases, 62%), followed by olfactory groove (8 cases, 14%), planum sphenoidale (7 cases, 12%), and frontal sinus (7 cases, 12%). As shown in ►Table 1, 37 tumors (65%) were completely intracranial, 4 (7%) were completely extracranial with extension in the paranasal sinus and 16 were intra and extracranial (28%).
Preoperative symptoms depended on the location of the tumor, as reported in ►Table 2. Indeed, most of the patients with tuberculum sellae meningioma were presented with visual acuity or campimetric disturbances, (69 and 63%, respectively,). Conversely, in case of olfactory groove or frontal sinus tumors anosmia, epistaxis, or nasal obstruction were the most common symptoms. In 91% of cases (52 patients) a purely EEA was chosen, tailoring the approach on the tumor location, such as transtuberculum for tuberculum sellae meningiomas or transcribriform for olfactory groove forms. Five patients (9%) underwent a combined transcranial and EEA in the same surgery for meningiomas located in the frontal sinus in 2 cases, in the olfactory groove in other 2 and in the planum in 1. All these cases were tumors with both extracranial expansion in the paranasal sinuses and with intracranial extension beyond the lateral limits of the approach, such as above the roof of the orbit or with encasement of the carotid artery and its major branches. The vast majority of cases were WHO grade I meningiomas (52 cases, 91%), while 5 (9%) presented with WHO grade II histological features, as reported in ►Table 3.
Complications consisted in 10 postoperative CSF leaks (17.6%), 1 overpacking (1.7%) with transient visual worsening, and 1 brain ischemia (1.7%), which had no neurological consequences to the patient (►Table 4). In case of postoperative CSF leak, our management consisted in a prompt revision of the osteodural defective plastic. One developed meningitis required antibiotic therapy. No permanent sequelae due to these complications were observed in the series. The case of overpacking was immediately reoperated on and visual deficit was restored completely in the first 2 days.
Radical tumor removal, in patients operated on through a pure endoscopic endonasal approach, was achieved in 30 cases (86%) of tuberculum sellae meningiomas, 4 (66%) of planum, 4 (80%) of olfactory groove, and 1 (17%) of frontal sinus forms, while resection was radical in 4 of the 5 cases This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
undergone a combined transcranial EEA approach (►Table 5). Preoperative visual acuity and campimetric deficits were completely normalized, respectively, in 11 (39%) and 9 cases (38%), and improved in 8 (28%) and 9 patients (38%). In 3 cases (5%) a postoperative visual worsening was observed: 1 was a calcified tuberculum sellae meningioma with a dramatic visual reduction immediately after surgery. Other symptoms reported by the patients such as nasal obstruction and recurrent epistaxis were controlled in all cases. One new case of anosmia (1.7%) was observed in 1 tubeculum sellae meningioma. Recurrence rate was of 14%. Among tuberculum sellae meningiomas only 1 recurrence (3%) was observed 2 years after surgery and the patient underwent a transcranial surgery for the lateral extension of the tumor. One atypical planum meningioma recurred 3 months after the surgery, requiring radiotherapy, which allowed the control of the disease for 27 months then the patient died, because of tumor progression. Two further recurrences were observed in olfactory groove meningiomas, both were treated through radiotherapy. Finally, 4 cases of frontal sinus meningiomas showed recurrence, requiring endoscopic endonasal reintervention in 2 cases, and a combined treatment of surgery and radiotherapy in the other 2. These latter both died due to tumor progression, respectively, 3 and 4 years after the first surgery. At follow-up (mean: 58 months, range: 3:183), 50 patients were alive (88%) and 7 (12%) dead (3 due to tumor progression and 4 due to causes not related to the disease). cularly, this approach should be reserved to strictly midline tumors, with no encasement of major vessels. 22 Some Authors have proposed the presence of brain edema and the lack of cortical cuff as 2 other relevant parameters in patients' selection for this surgery. 15 On the basis of our experience, we agree with Koutourousiou et al, who observed that these factors could impair the achievement of gross tumor removal through a ventral approach. 15 In our series, 1 case was a complete calcified meningioma, which developed a dramatic worsening of visual function after surgery. According to current literature, we consider that this additional element constitutes a relevant limitation to EEA.
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Critically reviewing our indications, we observed that our case selection for EEA was based on 2 main parameters. The first one was represented by tumor location and the second by its intra or extracranial extension (►Table 6). Indeed, we consider that for frontal sinus and olfactory groove meningiomas the ventral approach was our first choice, in case of completely extracranial location. On the other hand, a transcranial approach was preferred for complete intracranial forms, while for midline intraand extracranial tumors we chose a purely endoscopic approach and a combined endoscopic transcranial, in case of paramedian extension or major vessels encasement. Conversely, for all midline planum/tuberculum meningiomas, a purely endoscopic approach has progressively become the approach of choice in our center over the last decade (►Fig. 4).
Frontal sinus or olfactory groove meningiomas with a complete extracranial extension grow into the paranasal sinuses and thus, the EEA allowed us to approach them directly through a short and straight trajectory, avoiding brain retraction as well as the major invasiveness given by transfacial approaches [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 23, 24 (►Fig. 5). Similarly, this approach permits us to manage effectively intra and extracranial forms, when they are purely midline; while we preferred a combined endoscopic transcranial approach, in case of lateral extension. When these tumors present an intracranial extension, the most technically demanding maneuver is represented by the dissection of the tumor at its brain interface to avoid any direct damage or bleedings 15, 19 (►Fig. 6). The tumor removal follows the same rules valid for microsurgery, such as early devascularization, progressive central debulking and bimanual technique. For these invasive meningiomas, eroding the skull base and extending into the paranasal sinuses, the risk of postoperative CSF leak is present not only for EEA but also for alternative transcranial and transfacial approaches, which require as well a plastic reconstruction of skull base (►Fig. 7). Thus, the ventral route can be considered advantageous in such selected cases. In our series, the majority of intracranial meningiomas were tuberculum sellae (33 cases), followed by planum (3 cases) and 1 olfactory groove meningioma. The latter was a completely anosmic patient, who refused a transcranial approach with a tumor not suitable for alternative treatment such as radiosurgery. Although, our considerations are based on this single case, we believe that EEA should be preferred in very selected cases of olfactory groove meningiomas, mainly represented by small size lesions or tumors with extracranial extension in the ethmoid sinuses in anosmic patients. 25 Indeed, the risk of CSF leak has been assessed at 30% by Koutourousiou et al for these tumors, while Ruggeri et al have found a rate of 7.97% after a transcranial approach in their meta-analysis. 6, 15 Moreover, differently from an EEA, through an open approach it could be possible to spare the olfactory fibers, eventually preserving the olfactory function. Furthermore, the transcranial approaches have developed in the last years, moving toward a minimally invasive, retractorless technique requiring a really small cranial opening. 6 This is leading to an overall reduced morbidity of open approaches, particularly regarding the risk of seizures or brain damage, which have been rarely reported in the most modern series.
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In our experience, the most common indication for intracranial meningiomas was represented by planum and tuberculum sellae meningiomas. In these patients, the osteodural opening at the level of planum/tuberculum and thus the risk of a postoperative CSF leak might be counterbalanced to the possible advantages, particularly for restoring the visual function. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 24, 26, 27 In our series, visual acuity and campimetric deficits were improved or restored in 67 and 76% of cases, respectively. In a recent review of the literature, the improvement of visual deficit after an EEA has been assessed as approximately 80.09%
. Such rate proved greater than after a transcranial approach (62.24%).
6 This result can be explained considering that the ventral route allows us to remove the tumor, avoiding any manipulation of the optic chasm and nerves in particular at the early stages of surgery, when they are stretched by the meningioma (►Fig. 8). Therefore, the early decompression of the optic apparatus may avoid any direct injury and thus, could yield a better functional outcome. Moreover, the EEA can also reduce the risk of indirect injury to the optic structures, sparing its blood supply (►Fig. 9). Indeed, differently from transcranial approach, requiring to open the arachnoid layer and working between the different corridors given by optic nerve and ICA, EEA permits to cleave the tumor by the surrounding arachnoid, avoiding any damage to their arterial supply, arising from the carotid artery, namely, the superior hypophyseal artery. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Moreover, EEA allows us to resect safely, also portions of the tumor medially invading the optic canal. [28] [29] [30] These more favorable visual results have been criticized for the possible bias due to the different size of meningiomas treated through the endoscopic and transcranial approach. 1, 5, 6 We agree that at the beginning of the learning curve, larger meningiomas were not considered suitable for the ventral resection. However, in the series reported in literature, also meningiomas of relevant size were treated with a pure EEA with good visual outcome also for these cases. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] In our experience, few cases of postoperative permanent anosmia have been observed. At early follow-up, this symptom is commonly reported by the patient; however, we have observed a recovery in the vast majority of cases within 6 to 12 months after surgery. We believe that this result can be due to the limited extension of our endoscopic endonasal approach. Indeed, we are used to perform a mono-lateral posterior ethmoidectomy, sparing the contralateral olfactory fibers and for selected cases of meningiomas posterior to the sphenoethmoidal junction, the approach was limited to an anterior sphenoidotomy avoiding any ethmoidectomies. A limit of this study is represented by the inhomogeneous amount of the different types of meningiomas, which is due to a selection bias. Moreover, these cases have been included over a long period of time (15 years) and the results can be affected by the learning curve of the surgical team. In this lapse of time, also the surgical technique and tools have evolved, and this can be a bias for our results. Indeed, our closure strategy has evolved over time, adopting more advanced techniques, such as the gasket seal or the nasoseptal flap, only in the second part of this series. 31, 32 Finally, because of the learning curve, the majority of cases have been operated on in the past 5 years, reducing the follow-up of the entire series.
Conclusion
Although, the EEA might seem "unnatural" for intradural tumors, such as meningiomas, it could give many advantages for properly selected cases, such as midline noncalcified tumors without lateral extension and vascular encasement. Despite its effectiveness, this approach is hampered by the relevant risk of CSF leak. Therefore, the EEA should be reserved to those selected cases, for which this limit can be counterbalanced by their advantages. Revising our experience in anterior skull base meningioma, we have considered that planum/tuberculum sellae meningiomas are advantageous indications for this approach, allowing us to achieve a good ophthalmologic outcome and a satisfactory tumor removal. Midline frontal sinus and olfactory groove tumors with extracranial extension can also be effectively resected through an EEA. Conversely, for intradural frontal sinus and olfactory groove meningiomas the role of EEA is still to be assessed, comparing its outcome and limitations to modern transcranial approaches.
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